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Abstract. The use of the lasers Q-switched Nd:YAG to remove the dust of the
stone monuments especially sculpture gradually replaces the more abrasive tech-
nique of sandblasting. This tendency made us consider the lasers as solution for the
cleaningof ceramics and the plasters. Indeed in museums, these materials are often
covered with dirty mark (dust, grease, etc.) which is difficult to remove without
damaging the object. This paper deals with the impact of different types of lasers
(Nd:YAGfirst and third harmonic) irradiation on plaster and with the effects on
its morphologyand its crystallography. Plaster is an interesting material because of
its typical acicular crystals altered at lowtemperature. That is why synthesis sam-
ples were prepared, constrained in temperature then analysed by various processes
(SEM,XRD, TGA... ). These results werecompared with samples cleanedby laser.
That enabled us to conclude that plasters cleaned by UV-laser (third harmonic of
the Nd:YAG) underwent neither yellowing,nor morphological or crystallographic
changes. It has to be opposed to the intense yellowing,and sometimes morpholog-
ical destruction, which appears with an infrared wavelength (first harmonic of the
Nd:YAG).
1 Introduction
Numerous plasters are found in museums (original sculptures, fine copies
or simple casts). Plaster ends to get dirty very quickly what is due to its
mineralogical and physical characteristics (dielectric constant ... ). Because
of its natural fragility and sensitivity to moisture and physical actions, the
removingofgreasy dust is ordinary based on peelingmethods or rubbing-out.
Sometimesthese traditional techniquesturn out to be ineffectiveor damaging
especiallywhen finenessofdetails excludephysicaloperation ar when the dust
layers are too hard. In those cases, the use of lasers, already employed far
stone [1],has then been considered.
2 Choice of the Wavelength
The first tests have shown that after cleaningwith an infrared Nd:YAGlaser
an intense yellowingappeared (Fig. la) while the use of the third harmonic
of the Nd:YAGlaser permits to recover a surface colour close to the initial
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Fig. 2. Crystal morphologyof the face in contact with the air
Fig. 3. Deposit of carbon graphit
A natural dust contamination would be too long and insufficientlyrepro-
ducible. We thus chose a deposit of carbon graphite reduced to powder and
applied to the brush (Fig. 3). This powder formspart of porosities and makes
it possible to obtain a fine and homogeneouslayer.
4 Treatment in Temperature
Laser ablation induced a fast but localizedrise in temperature in the medium.
Howeverthe modifications of phase of the plaster occur for temperatures
ranging between lOODCand 1200DCFig. 4. Plaster is an interesting mate-
rial because of its typical acicular crystals (CaS04.2H20 P) altered at low
temperature (120DC=CaS04.0,5H20 P) [4]. In order to detect possiblemod-
ifications of phases of the plaster cleaned by laser, samples were first ther-
mally treated, at various temperatures, then they were observed with the
SEM and, eventually they were reduced to powder and analysed by x-rays
diffraction (Fig. 5). These data will be employed as references and will be
compared with the results obtained after the laser cleanings,The fine grains
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Fig. 9. plasma formed on the surface
Uncleaned area
Uncleaned area
a b
Fig. 10. Pieta partially cleaned by UV laser
and the finestructure of the mouldingor the surfacequality is still preserved,
even the fragile white coating.
6 Conclusion
The cleaning of the plaster using the third harmonic of Nd:YAGlaser modi-
fies neither the colour, neither the crystallo-graphic structure nor the phase
-'IL[1l!é'lL[JO8d'BL[s1'BInllu'B
llUUV'IU!'BS:S8lnlly881L['IJO
J!L[d'B11l0UOJ!8L[cL°(Aln'lU8J
'8J!M018!Ul'BUZ8!NU!L[JlnL[J
'BqOld°PU'BIOd'Z18!UlOPU'BS
]SllUqU8S81dJ8H81-S'Bq8L[cL
°uoq'B'Isn1JU8:>"(l'BPllU!18AOJ
p'B1'1X8P8HOl'luOJun0'1P8I
U'BJ8L['IL['I!M18A'BI:>j"l'BPS!L['I
)!Pnl'lSUOJ81JO'IdUl8n'BPlo
Aqp8'1'BOJS'BMJ8H81JOarad
,8L['1JOsi.rad8L[tAIuO18AOJ
oq)uotrarsdardI'B!J8ds'Buo
8L[t'1S0UlIV°AlntU8JI1AXJO
L['1!MA1'BV\[pU'B'BUUVtU!'BS
U8POOMJOllU!U'B8p18S'BIUO
18JAX8L[tUlOlJSUO!SS81dX8
81'8pOOMuoS8Ul01L[JAIOd
HJO8'1BJ'IsqnspB'IU!81H8Ul!,!
s-\')'urrtv900lBJOuO!'IB::J!!ddB
:IuOJ8AO::>Sl8ABI:âuqu!Bdaljj,
Buopa::JBId:âU!pn:âAqpalaAo::J
uursoqalj'l'lB'ISqJBUi\\Ou)[un
,)8Jlj'lJO:âuqS!SUO::J'(aaJ'I8Ul!!)
IU8sa1dJ8dBdaljj,°pu..qsqV
Id°d.l'lQ)I6,rqd"e.I
i\.L£'S'IlYaU!i!JOAUlapB::Jy
lOJa'ln'lqsuIAUIapmy-1a'lUIz
Idonp6°'lB.I'lQ)J6I6Z.I'ISill
~IOd'i\\BS1BM_806-00''Iaa1'18
s::J!U01P8Iao'ldOJOa'ln')qsuI1
~U!S.oJ8H"rH-sBg
\.orn811lU!Bd.I8AO
1000
'Iamnr'VV-S£dd'61°nns'S'dUlWDEft'U!'a1'1'!ndnpa::JuBSS!BUUO;)''I0n0;)D°v
£000'16-£8dd'v%A''d6V7U'dHIvJ,nnnO/0IvUJ,no[Ul'aIql"l<Ul
uouoqB'ISTIl::JU8)[::JBIqUB8p0'1Ul8'1SAS18sBIDYA:PNp8lj::J'I!i\\S-\')BJO::J!UOUlJBlj
Pl£8lj'lpUB'lSI8lj'lJOuO!'IB::J!!ddB8lj'luoApn'lS8AqBIBdUlO;)'OIBpUBS!)[BlBW°DO£
£000
'9S(;-6V(;dd'v%A''d6V7~J,'dHIvJ,n71no/0IvuJ,no[U!'satprusImq8108lj'lpUBIB'I
-U8Ulp8dX8:S'IU8UI:âldJOuOqBlOIo::JS1PpUBp8Ba:âUli\\OI18ALIBpUBsOIndOlYBZ°A0(;
8661'PIOJXO'oP3:UUBUl
-U!8Hlj'l1Oi\\18'1'1nS'umpnp0J,7Uluv'Um7VrU'dSUoJui6UlUV'dpJ,;}SV7'18doo;)oW°1
°I'B!18'1'BUl8L['1JOarruon.nsI'BJ!lloI0L[dlOUlUOS81l'BUl'BpI'Bqu8'1od
1!8L[tpU'BllU!U'B8pJOSP0L[t8UlI'BUO!'I!P'B1t8L[tL[t!MsuostraduroouoS'ilH8M
S'ilS18'1S'BIdI'BJ!lO'IS!L[JOAt8!1'BA'Iluop8nuquOJ8q0t8A'BL[S8L[J1'B8S818L[cL
°SJ!Ul'B18JlOJH8MS'ilS18tS'BId8L['IJOllU!U'B8pJOSP0L[t8UlI'BUO!'1!P
-'Bl'l8L[t0t8Aq'BU-18'1I'BllUqS818tU!U'BS'ilS1'B8dd'B8nb!uL[J8'1S!L[cL°I'B!18t'BUlJO
